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The present invention relates to the pre- ^ ^ ^ . , . i .... /x» a\ 

10 paration of hydrocarbon polymers suitable when nsmg high catalyst mole ratios (IJ : A), 
for use as synthetic lubricating oils and other compounds, for example molecular 
viscosity index improvers. weight modifiers, which are capable ot 

It has recently been discovered that such influencing the polymerisation pro^ss may 
polymers can be produced from certain be used in addition. Some smtable mole- 
15 defines and by \ising catalysts of specified cular weight modifiers, for example L^ 
composition as described in the Specifica- bases, hydrogen active compounds and BJ? , 
tions of co-pending Apphcations 27,109 /67 are described in the ApphcaUon Nos. 
(Serial No. 824,460), 752/59 cognat^d with 23,906/56, 23907/56 and 35,963/56 (Serial 
12607/59 (Serial No. 873,064), and 4774/59 Nos. 851.113, 851.112, 851,119). 
20 (Serial No. 873,066). , Specification Component A is 

According to the present invention poly- defined as a compound (preferably other than 60 
mers of improved colour, reduced sulphur a heat-treated oxide, a carbide, or a naturaUy- 
content and having greater antioxidant occurring compound), of a metal of Groups 
susceptibility are produced by a process in 4a. 5a, 6a, 7a or 8 of the Periodic Oassifica. 
25 which an define having in the molecule at tion of Elements, although the compomid is 

least six but not more than twenty-five and more suitably an inorgamc compound for 65 
preferably not more than eighteen carbon example a haOide, or oxyhahde of Groups 4a, 
atoms is polymerised in tiie presence of a 5a or 6a. It is preferred however, t^t 
catalyst comprising Components A and B Component A should comprise a chloride, 
30 (as hereinafter defined) and the polymer ia bromide or iodide of a Group 4a or 5a metal 
treated with hydrogen in the presence of a particularly that of titamum, zircomum or 70 
hydrogenation catalyst. vanadium. The most preferred compound is 

By \drtue of the work originated by K. titanium tetrachloride, although the higher 
Zie^er the catalyst used is usually referred chlorides of, for example, zirconium and 
35 to as a Ziegler catalyst and the co-polymer- vanadium can be used. 

isation process as the "Ziegler process''. When producmg polymers smtable as 75 
As indicated for example in Patent Speci- lubricating oils with a catalyst component 
fications Nos. 799.392, 799,823 and 801,031 mole ratio of less than 1 : 1 it is also prefer- 
and in the Specifications of Patent Applica- able that the compounds which are used as 



PATEOT SPECIFICATION 873,067 

NO DRAWINGS. 

Inventors :— DEREK SOUTHERN, CHARUSS BUOHAN MTLNE 

and GERALD ROBINSON. 



Date of AppUcation and fling Oom^lete SpedficaHon : 
ApHL 28, 1959a No. 14460/59^, 

Complete SpecificcUion Pvblisihed : July 19, 198L 



Index at Acceptano^Classes 2(6), P7(A : DIX : K7), F7P(1A : IB : 10 : IF : 3), P7T2F ; 

and91.r(l:2). 

Iniemational Classiiio&tioa : — C08L OlQnu 



COMPLETE SPECIFICATION. 

Hydrocarbon Polymers. 

We, "Shell" Reseaboh Limeped, a tions Nos. 23231/65, 23501/55 and 16362/55 40 

British Company, of St. Helen's Court, (Serial Nos. 820,263, 819,867, 810.023), the 

Great St. Helen's, London, E.C.3, do hereby Ziegler process is carried out using at least 

declare the invention, for which we pray that two components which may be referred to 

5 a patent may be granted to us, and ihe as Components A and B. 

method by which it is to be performed. The catalyst used in this Specification is 45 

to be particularly described in and by the formed therefore by mixing at least one 

following statement : — Component A with at least one Component B 

The present invention relates to the pre- as defined below. If desired, for example 

10 paration of hydrocarbon polymers suitable when using high catalyst mole ratios (B : A), 

for use as synthetic lubricating oils and other compounds, for example molecalar 50 

viscosity index improvers. weight modifiers, which are capable of 

It has recently been discovered that such infiuencing the polymerisation process may 

polymers can be produced from certain be used in addition. Some suitable mole- 

16 olefines and by using catalysts of specified cular weight modifiers, for example Lewis 

composition as described in the Spedfica- bases, hydrogen active compounds and BEa 65 
tions of co-pending Apphcations 27,109/67 are described in the Apphcation Nos* 
(Serial No. 824,460), 752/59 cognated with 23,906/56, 23907/56 and 35,963/56 (Serial 
12607/59 (Serial No. 873,064), and 4774/59 Nos. 851,113, 851,112, 851,119). 
20 (Serial No. 873,065). In this Specification Component A ia 

According to the present invention poly- defined as a compound (preferably other than 60 
mers of improved colour, reduced sulphur a heat-treated oxide, a carbide, or a naturally- 
content and having greater antioxidant occurring compound), of a metal of Gronps 
susceptibility are produced by a process in 4a, 5a, 6a, 7a or 8 of the Periodio Classifioa- 
25 which an olefine having in the molecole at tion of Elements, although the compound is 

least six but not more than twenty-five and more suitably an inorganic compound for 65 
preferably not more than eighte^ carbon example a halide, or oxyhalide of Groups 4a, 
atoms is polymerised in the presence of a 5a or 6a. It is preferred however, that 
catalyst comprising Components A and B Component A should comprise a chloride, 
30 (as hereinafter defined) and the polymer is bromide or iodide of a Group 4a or 5a metal 

treated with hydrogen in the presence of a particularly that of titanium, zirconium or 70 
hydrogenation catalyst. vanadium. The most preferred compound is 

By virtue of the work originated by K. titanium tetrachloride, although the higher 
Zie^er the catalyst used is usually re&rred chlorides of, for example, zirconium and 
35 to as a Ziegler catalyst and the co-polymer- vanadiTmi can be used. 

isation process as the " Ziegler process When producing polymers suitable as 75 
As indicated for example in Patent Speci- Inbricating oils with a catalyst component 
fications Nos. 799,392, . 799*823 and 801,031 mole ratio of less than 1 : 1 it is also prefer- 
and in the Specifications of Patent Apphca- able that the compounds which are used as 
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Coxaponent A are ones which, are liquid at 
noiznal temperatures and pressures and ones 
in which the metal present in the compoimd 
is in its highest valency state. 
5 Component B is defined as an element or 
compound of either of the following : — 

(1) A group 1 metal or an alloy thereof, or 

(2) An organo-metallic compound or a 
hydride of a Group 1, 2 or 3 metal, tin 

10 or lead. 

The term " organo-metalHe compound " 
means a compound (other than an inorganic 
metal carbide) in which the metal is directly 
attached . to. a carbon atom, for example, 

15 zinc dtoiethyl, magnesium dipropyL The 
orgMio-metaUic compound or hydride may 
for example be a molecular compound with 
an ether, or amine or a complex compound 
with an alkali metal hydride, alkali metal 

20 aSkjl, alkali metal aryl or alkali metal 
halide, for example lithium - aluminium 
hydride and sodium aluminimn triethyl 
. chloride. 

It is preferable however that Ck>mponent B 
25 should comprise either : — 

(1) An aluminium tnalkyl ; or 

(2) An aluminium compound of the general 
formula BriB^oALX in which. Rx Bo 
are similar of dissimilar and each repre- 

30 sents a hydrogen atom or a hydrocarbon 
radical such as an alkyl, alkaryl, aryl, 
aralkyl, alkenyl, alkynyl, <^cl6ali^l or 
(^cloalkenyl radical and X represents a 
hydrogen atom, a halogen atom, an 

35 aiko^ group or an aiyloxy grotrp or the 
residue of a secondaiy amine or amide, 
carboxylic add or sulphonic acid; or 

(3) An aluminium compound of the general 
formula BAlXiXg in which It represents 

40 a hydrogen atom or a hydrocarbon 

radical as in (2) above, and Xx and X, 
are similar or dissimilar and each 
represents a halogen atom, an alkoxy 
group or an aiyloxy group. 

45 [Examples of such aluminium compounds 
are : — aluminium triethyl, diethyl aluminium 
bromide, dimethyl aluminium hydride, phen- 
oxydiethyl aluminium, dimeaylaminodiethyl 
aluminimn, piperidyldiethyl aluminium, 

50 (methylcyoloheaylamino) - diethyl alumin- 
ium, (N - methylormine) * diethyl aluminium, 
diisobutyl aluminiiim benzoate, ethyl alumin- 
ium dicMoiide, and diethoxyethyl ^uminium. 
The most preferred alumizuimi compounds 

55 are those in which the aJkyl group has less 
than six carbon atoms, for example alumin- 
ium triethyl or aluminium diethyl chloride 
or bromide, the particularly preferred com* 
pound being aluminium triethyl, although 

60 aluminium triisobutyl can be used. 



The process of the present invention is 
particularly applicable to those olefines 
obtained by the thermal or catalytic cracking 
of hydrocarbon feedstock, such as that pro- 
duced in the refining of crude petroleum 65 
petroleum oils. Such defines that are com- 
monly known as cracked wax olefines are 
particularly preferred. Other preferred ole- 
fines are those known as cracked ra£&nate 
olefines which are obtained &om the cracking 70 
of the raffinate or finrfaral extraction of 
heavy catalytically cracked cycle oil. Both 
racked wax olefines and cracked raffinate 
olefines can be fractionally distilled to 
obtain the cuts containing the individual 75 
olefines. 

Other olefines which can be used are those 
produced by the polymerisation of lower 
molecular weight olefines, for example pro- 
pylene or butylene or mixtures of propylene 80 
and butylene. They may also, for example, 
be those obtained by the dehydration of 
suitable alcohols or alcohol mixtures. 

The process of the present invention is 
suitable not only for olefines having the 85 
same number of carbon atoms in the mole- 
cule, but is also suitable for mixtures of such 
olefines, for example mixtures of to Cs, 
Cg to Ci3, Cs to and C14 to C^q olefines. 
Particularly preferred mixtures of olefines 90 
are cracked wax olefines and cracked raf- 
finate olefines. 

Tn gemal, the preferred olefines are those 
olefines or mixtures or olefines consisting 
entirely of straight-chain alpha olefines or a 95 
large proiK)rtion of such olefines. For the 
production of polymers suitable as lubri- 
cating oils usiag a low catalyst component 
(B : A) mole ratio i.e. less than 1:1, par- 
ticularly not more than 0.6 : 1, * it is also 100 
possible to use olefines or mixtures con- 
taining a large proportion of olefines of the 

general formula \ C = CH^ wherein it and 

Bi are similar or dissimilar alkyl groups. 

To obtain a better polymerisation reaction 105 
and a good yield of polymer it is preferable 
that the olefine should be purified before 
polymerising in the presence of the catalyst. 
One such method is purifi.oation using one of 
the catalyst components, for example treat- 110 
ment with a solution of titanium tetra- 
chloride in which the precipitate formed on 
adding titaniimx tetrachloride to the oleEne 
is removed by filtration. The filtrate is 
when washed successively with a dilute 115 
solution of hydrochloric add, for example a 
16% solution, and aqueous sodium car- 
bonate, for example 5%, and then distilled 
water. The olefine is then distilled from 
sodium. - 120 

• In another method of purification, that is 
vith solphuric add, Uie olefine, preferably 
after being deperoxidised by agitation with 
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an acidified aqueous solution of ferrous of the methods hereinbefore described are 
sulphate, is cooled to and maintained at a readily polymerisable according to the pro- 
temperature below 10* C, and concentrated cess of the iavention it has been found that 
sulphuric acid, for example 96%, is added further purification by siHca gel improves 
5 dropwise to the vigorously agitated olefine, the yield of polymer. Accordi^ly, the 70 
After removing the acid sludge layer more olefine. purified by any of the above 
concentrated sulphuric acid is added under cribed methods, and dried, is preferably 
similar conditions. This procedure is re- farther purified by percolation through acti- 
peated once more and after the third extrac- vated silica-gel for example by allowmg 
10 tion the olefine is washed with water, dilute the olefine to pass through a column con- 75 
aqueous sodinm hydroxide, for example 4%. taining granules of silica-gel. The olefines 
and then water until neutral. The olefine is can then be dried, for example over molecular 
then treated with a drying agent, for example sieves. 

calcium chloride or dried, for example by The polymerisation is most convemently 
15 the use of molecular sieves, and then dis- carried out in a solvent, the solvent bemg 80 
tilled under a reduced presstu-e of about substantially inert under the reaction con- 
1 mm. mercury fi'om sodium. ditions. Suitable solvents include saturated 

It is also possible to continue the purifica- aUphatic hydrocarbons which are liquid 
tion treatments, e.g. bv wai^bdng with sul- under reaction conditions, for example, n- 
:20 phuric acid followed by treatment with hexane, »-pentane, iso-octane, and a-decane 85 
titanium tetrachloride. and aUphatic or substantially aHphatic 

For straight-chain alpha olefines or mix- petroleum spirits. The preferred solvents are 
tures containing a lai^e proportion of iso-octane and cydohexane. 
straight-chain olefines it is preferable that the In carrying out the reaction using this 
•25 olefine be purified by treatment with urea type of catalyst system an inert atmosphere 90 
as described in the Specification of our co- in the reaction vessel is essential, otherwise 
pending AppUcation 4774/59 (Serial No. the Component B may decompose, reacting 
873,065). Thus, the olefine or olefine mix- violently. Accordingly, before addmg the 
ture is treated with urea, preferably in olefine and solvent to the reaction vessel an 
^0 aqueous, alcoholic or aqueous-alcohoUc solu- inert atmosphere is created by purging the 95 
tion to form a slurry or complex comprising vessel Avith a dry inert gas, for example 
the adduct. In a preferred modification the nitrogen. The catalyst components die- 
adduct is formed aad sepajated in the solved in the inert solvent are then mtroduced 
presence of a wetting agent, for example into the vessel. ^ ,r.r. 

35 sodium allcyl sulphates having firom eight to It has been found that a concentration oi 100 
nineteen carbon atoms in the alkyl group, catalyst to olefine, such that the mole ratio 
and preferably water-soluble salts, for ex- of Component A, for example titamum tetra- 
ample ammonium salts, particularly ammon- chloride, to olefine lies between 0,005 : 1 
ium carbonate, and potassium carbonate, and 0,1 : 1, preferably between 0.015 : 1 and 
40 After separation of the top layer of unreacted 0.04 : 1, is very suitable. When mi^raes ot 105 
rafiBnate hydrocarbon by gravity the adduct olefines containing olefines havmg different 
can be decomposed by heating to between numbers of carbon atoms m the moleCTUe 
70** and 75** 0. to yield as upper layer the are used it is to be understood that the 
purified olefine or olefine mixture. How- molecular weight of the olefine is the theoret- 
45 ever, according to the preferred embodiment cal mean molecular weight of the mixture. 110 
of the purification by urea extraction, the Although the mole ratio of Component B 
adduct slurry (after removal of the raffinate to Component A can be varied over a wide 
hydrocarbon by separation under gravity) is range it is desirable that the mole ratio 
stirred and washed with a solvent substan- (B : A) should be at least 0.05 : 1 and not 
^0 tially immiscible in water such as toluene, more than 20 : 1. 

After settling the adduct slurry is separated When producing polymers which can be 
from the toluene phase and decomposed by used as lubricating oils, it is essential that 
heating to between 70° and 76* C. as before, the mole ratio (B : A) be less than 1 : 

After purification by urea extraction the preferably between 0.05 : 1 and 0.9 : 1. With 
55 olefine can be further treated, for example by olefines or mixtures containing a large 120 
distillation over sodium, treatment with small proportion of olefines having the general 
quantities of one of the catalyst components, R \ i - 

e.g. titanium tetrachloride or triethyl alu- formula j>C=CH2 it is preferable that the 
miniTml, or purification by treatment with 'R^^ u 

60 sulphuric acid, xnole ratio of compounds B : A should be 

After purification the olefine may be between 0.05 : 1 and 0.6 : 1 for at higher 
washed with water and dried, for example catalyst mole ratios m some cases very Jittie 125 
over calcium chloride, or over molecular polymerisation occurs with such olefines. It 
sieves. ^ preferable both for straight- and 

65 Althon^ the olefines purified by any one branched chain alpha olefines that the 
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monomer should not contain more than 
eighteen carbon atoms in the molecule. 

A particular advantage of the polymers 
produced according to the process of the 
5 present invention which can be used as 
lubricating oils jper se is that at low tempera- 
tores, for example below 0° F., their viscosity 
does rise rapidly as the temperature is 
reduced and is appreciably lower therefore 

10 than, for example, that of polyoxyalkylene 
fluids or of mineral oils having a similar 
viscosity at normal temperatures. 

When produciDg polymers especially from 
straight-(5iain alpha olefines or mixtures 

15 cQataining a large proportion of such ole- 
fines and using catalyst component mole 
ratios (B : A) of less than 1 : 1 it is preferable 
to use lower catalyst component mole ratios 
for the higher olefines and higher mole ratios 

20 for the lower olefines. Thus, for example, 
for olefines having at least six but not more 
than eight carbon atoms in the molecule the 
mole ratio should preferably be between 
0.1 : 1 and 0.9 : 1. For olefines having at 

25 least nine but not more than thirteen carbon 
atoms in the molecule a mole ratio of be- 
tween 0.06 : 1 and 0.7 : 1 is preferred, whilst 
for tetradecene and higher olefines a mole 
ratio between 0.05 : 1 and 0.5 : 1 is pre- 

30 feired. The same principle applies for mix- 
tm^s of olefines. 

Polymers which are suitable as viscosity 
index improvers can also be produced 
according to the process of the invention. 

35 To obtain such polymers, it is preferable to 
use straight-chain alpha olefines and daring 
the polymerisation to use catalyst com- 
ponent mole ratios (B : A) of at least 1 : 1 
and preferably between 1 : 1 and 3:1. 

40 Higher mole ratios, for example an Al : Ti 
mole ratio of 8 : 1 can be used, but increasing 
the mole ratio above about 3 : 1 does not 
usnaUy have much effect on the polymer 
properties and may sometimes result in a 

45 much reduced yield. 

After completion of the reaction, the poly- 
mer is treated to inactivate the catalyst and 
remove the catalyst residues. The inaeti- 
ation of the catalyst can be accomplished 

60 by washing with an alcohol^ water or other 
suitable material, for example methanol, 
isopropanol or mixtures thereof. Some- 
times, the catalyst inactivating treatment also 
removes a major proiK>rtion of the catalyst 

65 residues, but usually it is necessary to remove 
the catalyst residues by treating the polymer 
with an add, base or other mateSal, for 
example dilute hydrochloric acid followed 
by sodium carbonate solution. 

60 The polymerisation reaction can be carried 
out as a batch process or it can be adapted 
to the steady-stage process. In this latter 
proc^ a polymerisation mixture of con- 
stant composition is continuously introduced 

65 into the reaction zone and the reaction mix- 



ture resulting from the polymerisation is con- 
tinuously withdrawn in amounts equivalent 
to the rate of introduction of reactants. 

After the polymer has been treated to 
inactivate the cataljrst and the catalyst 70 
residues removed, it may be separated firom 
the diluent, for example by distillation. 
However, as the treatment with hydrogen can 
be conveniently carried out with the polymer 
dissolved in the diluent, this separation is 75 
unnecessary. 

According to the process of the present 
invention therefore, the polymer, preferably 
in the presence of diluent, is treated with 
hydrogen in the presence of a hydrogenation 80 
catalyst. 

Although any gas mixture can be used 
containing at least about 50% by weight of 
hydrogen the remainder being substantially 
mert it is preferable that reasonably pure 85 
hydrogen, for example at least 95% by 
weight be used. 

Although the treatment with hydrogen can 
be carried out at atmospheric pressure, in 
order to obtain a more rapid rate of reaction 90t 
elevated presstu^es should preferably be used, 
for example fi'om 10 to 50 atmospheres, 
although higher presstires, for example 100 
atmospheres may be used, if desired. 

The treatment with hydrogen is preferably 95 
carried out at elevated temperatures, for 
example, above 50** C, the preferred range 
being 100"* to 200° C. With such elevated 
pressures and temperatures the reaction 
should be completed relatively rapidly, for 100 
example in under 10 horns. 

Many hydrogenation catalysts can be used 
accordmg to the process of the present 
invention, for example, powdered nickel, 
copper chromite, cobalt molybdate, moiyb- 105 
denum sulphide, Bianey cobalt, nickel oxide 
on majolica, copper chromite on majolica 
and paJladised charcoaL The jHreferred cat- 
alyst however, is Raney nickeL 

After the hydrogen treatment is complete 110- 
the solution is filtered and the diluent, if any, 
removed by distillation. 

Sometimes, it may prove desirable or 
necessary to repeat the above described 
treatment with hydrogen in the presence of a 115- 
catalyst on a polymer which has already 
been treated witii hydrogen. Although simi- 
lar reaction conditions to those used in the 
first treatment with hydrogen may be used, 
it is found desirable if a high temperature, 120 
for example about 200* C, a low pressure, 
for example about 60 atmospheres, and a 
long reaction time, for example about 16 
hours, be used. Alternatively, a high tem- 
perature, for example about 200' C, a high 125 
pressure, for example about 140 atmospheres 
and a short reaction time, for example 
about 5 hours, may be -used. 

Although treatment with hydrogen re- 
duces the sulphur content, improves the 130 
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colour and greatly improves the aovtioxidant duced by tire process of the present m^entaon 
^Stibmty of the polymer it does how- or blends of such polymers with o^ havi^ 
OT^ mSarly with pS^ers suitable as lubricating properties require the aM^on 
iXicSoX increase the pour point, of additives such as pour pomt depre^ora. 
6 SSfbyl^ much as about IOO'f!^ viscosity index improvers. thiokeneK, a^ta- 70 
Sdfeadvc^tage can be overcome by the oxidants, aati-corrosive agents and anti- 
removal of the dimor and if necessary other lacquering agente. , . , „ ^. 
J^^e^ular weight polymer for example Suitable additives which funotion as pour 
?7dSSon under r^di pressure and point depresso^ ^SLe^'of t^eS of 75 
10 accordingly, removal of such polymers is a miprovers mclude P^^f^ « 

ureferred feature of the present invention, acryhc acid or a ^-aJkylacryUc arao, iot 

!S3r when producing polymers suitable example, the polymers of the methyl, ethy , 

Xw^oik. '^-propyl, isopropyl. isobutyl, laaryl. phenyl. 

The nreferred method of removing the or benzyl esters. 4. sia 

15 dimer Id Xr low molecular weight poly- Suitable ant -laoquermg ^^^^ for ad^- 80 

^ iT by ftactional distillation under tion to the polymers produced by t^ pro- 
Sduced pLsvae and is described in the cess of the present invention are t^e aalte of 
^^llion of our co-pending Application aromatic carboxyho acids or of phenols wth 
f^^r^^ted^th 1^607 /59 (1^1 No. a metal of Group n 
50 873 OM) ^? low boiling Wtion com- which salts are soluble m the ^ 

'^^i^l^t^y^o^n treated poly- a^.^Kih^^teS^^^l^'^'^^'^ 

25 ""llSSh i^" this manner, the dimer and Where a high load carrying ^«^I^«*yis 90 

oth^ow mSecSar weight polymer can be requited an extreme pressure additive i^y 

2nTe£l^ removed after tr^tment with be added to the polymere of the present 

h^^^n S^krquite possible and in invention. A good type of extreme pre^i^ 

S^s prSerable. to remove them before additive is the trialkyl. tnaryl <« tea&aiyl 

30 taS^t^thhydr^en. In this case, they phosphates, for example trxoctyl or tn- 95 

axQ conveniently removed after first dis- cresyl phosphates. 

Xi^^^^ diluent used in the poly- Antioxidants, for example the alkylated 

nhenolsanddiphenolsandphenotluazmeand 

"l^Sc^rr^moval of dimer and other F^^l o-rf 1 alkyl substita^n^du^ 

W 3iPfiTilax weiaht polymer from the for example 10-benzyl phenothiaaine may 100 

X^^bir-^b^<^g oas either ?lso be added to the pg^>« of^flie^l^t 

before or after treatment with hydrogen mvention. It is found that ttie res^j?^ 

o^P^Tl^ r^^s^ a polymer with an lubricating oil has great oxidatioii stability, 
generany results ma poiymer polvmers produced by using a cata- 

40 produced by the lyJ^o^ ^o B^: A of at ^Bt 1 : 1 which 105 

nro^of the ^SrinWition usiig low 4i be used as V.I. improvers are suitably 

SSt iLtiol S fa teas than 1:1 are blended with any mineral or synthetic 

as InbSo^ii oils yer they lubricatmg oil. Examples of ^nthetic ods 

SHf be blendTd with any other have abready been d^cnbed and mclude ^ 

.45 OT^tCic oil having lubricating polymers produced by the process of the 110 

60 The polymers may also be blended with 1% and 6% by weight. ,„h«t,,Wt» 
svX^ Cricafmloas. for example co- ^H^?^ ^F^^P^^^ ^^^.'^t^^? 

of alkvleie glycols and aJkylene betweenpartsby weight and parts by volume 

iS^r o^S e^ST e.g. di-cSiyl- is the srune as that between the gram a^d 

h©xyl)sebacate, dinonyi sebacate, dinonyl the cubic centimetre. 

55 adipate, dioctylphthalateandtiicetylphos- p-^.^ptt I 120 

SiTlubricatmg oils, espedafly diester or chloride of 2 : 1. The reaction vessel was 125 

SvoxvSbn^lubriUS oib. the final purged by passing nitrogen mto the vessel. 

ffld^^ompri^Vy n^ber of suitable 3.300 parts by volume of sodimn toed iso- 

oKS lubricating Properties. octane followed by 13.5 parte by volume of 

65 For appliitioi, polymers pro- titanium tetrachloride were mtroduced into 
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the vessel and the temperature raised to 
40° C., 33.5 parts by volume of triethj^l- 
aluminium in 100 parts by volume of iso- 
octane, was added and the mixture stirred 
for 30 minutes. 1000 parts by weight of the 
olefine was added over a period of one hour 
and the solution was stirred for a further 
22 hours at ambient temperature. 

The catalyst was decomposed by a drop- 
wise addition of a 1 : 1 mixture of isopropanol 
and methanol (100 parts by volimie) and the 
solution shaken with 16% hydrochloric add 



until all traces of colour had been removed, 
followed by washing with aqueous sodium 
carbonate and water. The solution was 15 
dired by entrainment distillation in the 
presence of benzene (400 parts by volume) 
and part of the solvent wejs removed by 
distillation. 

The polymer solution was divided into 20 
three parts and each part was treated with 
substantially pure hydrogen using dificerent 
catalysts under the following conditions : — 







Catalyst 


Temperature 


Pressure 


Time 


25 


(1) 


50 parts by weight ITiO on majolica 


150** to 215" C. 


100 atmospheres 


3 hours 




(2) 


20 parts by weight copper ehromite 
on majolica 


150*^ to 215° C. 


100 atmospheres 


4 hours 




(3) 


60 parts by weight palladised 
charcoal 


150° to 215° C. 


100 atmospheres 


3 boars 



30 



35 



40 



After the treatment with hydrogen the 
solutions were filtered in the presence of 
Clarcel using a filter and the hydrogen 
treated polymer was isolated- The products 
were found to be of better colour than the 
untreated polymer, being either colourless or 
of only feint colour. 

. When blended in a proportion of 4% by 
weight in Cardon. HVI 65 the following 
viscometric properties were obtained : — 



CS 



CS 



(1) 

(2) 
(3) 



182.7 
112.7 
135.2 



23.3 
19.8 
20.3 



132 
146 
138 



46 The corresponding figures for the Cardon 
HTVl 66 base oil are : — 

Vkiooop. 31.88 CS KVIrlOO 
Vk^io^F. 5.17 CS 

When blended in a proportion of 4% by 
50 weight in a synthetic lubricant base the VI 
pr ope rties were also improved. 

When a minor proportion of ionol was 
added as antioxidant to the blends tiiey were 
found to have better resistance to oxidation 
66 than similar blends with untreated polymers 
as the V J. improvers. 

EXAMFIiE LL. 
A purified Cm urea-extract cracked-wax 
olefine was polymerised using a component 
60 mole ratio, triethylalmninium : titanium 
tetrachloride of 1 : 1. 16 parts by volume of 
titanium tetrachloride in cyclohexane fol- 
lowed by 12 parts by volume of titanium 



tetrachloride were injected into a large 
vessel purged with nitrogen and containing 
300 parts by volume of cyclohexane and 
300 parts by weight of the olefine* The poly- 
merisation was carried out at 150° C. for 
22 hours, the catalyst decomposed and the 
product treated by procedture of Example 
I to yield about 245 parts by weight of 
polymer (82%). 

177 parts by weight of the polymer in 
400 parts by volume of cyclohexane was 
treated with pure hydrogen for 6 hours at 
160° C. at elevated pressure over 20 parts by 
weight of Baney nickel as catalyst. The 
mixture was filtered through a filter aid to 
remove catalyst and the solvent removed 
by distillation and the residue topped at 
180° C. and 1 mm. Hg pressure to leave 170 
parts by weight of polymer. 

When blended as 4% by weight in Cardon 
HVI 65 as base oil the following viscometric 
properties were obtained : — 



Vkiooo 
KVI 



63.8 CS 
10.4 CSS 
139 



This polymer was tested for its oxidation 
stability by heating it at 160° C. in an 
atmosphere of oxygen in the presence of 
100 parts par milHon of copper powder as 
catalyst. The number of hoin^ Teso and 
Ticooj required for 100 parts by weight of 
polymer to absorb 650 or . 1000 pajrts by 
volume of oxygen respectively were deter- 
mined. The test was repeated in the 
presence of 0.73% lO-benzylphenothiazine as 
antioxidant. 

The result obtained were as follows : — 



65 



70 



75 



80 



85 



90 



95 



100 



873,067 



T 



Tc5o(lioiirs) Tiooo (tiOTirs) 



Polymer alone 
Polymer with 
antioxidant 



2 
65 



3 
113 



10 



16 



20 



25 



30 



35 



Tt> the presence of antioxidant the values 
obtained were about 60% greater than the 
corresponding results obtained when using a 
polymer which had not been treated with 

hydrogen. 

Example TTT. 
A polymer suitable as a lubricating oil was 
prepared using a catalyst component mole 
ratio triethylalunainium : titanium tetrachlor- 
ide of 0.5 : 1, The monomer was an urea- 
extract Og cracked-wax olefine and the poly- 
merisation procedure was similar to that of 

Example I. 

The solvent and unreacted monomer were 
removed by distillation under reduced pres- 
sure and an 85% yield of polymer, pale 
yellow in colour was obtained. 

2260 parts by weight of polymer were dis- 
solved in 2,000 parts by volume of cyclo- 
hexane, and the solution divided into two 
portions which were treated with substan- 
tially pure hydrogen separately in an auto- 
clave at lOO"" C. for 10 hours at elevated 
pressure in the presence of Baney nickel 
The solution was filtered, the solvent was 
removed by distillation, and the treatment 
with hydrogen repeated iising a freshly pre- 
pared sample of Raney nickel. 

The product after treatment with hydro- 
gen was filtered and the solvent removed by 
distillation and it was found that much of 



the colour had been removed during the 
treatment with hydrogen. The product was 
subjected to vacuum distillation and a frac- 
tion boiling between 135° and 162° C. under 
0,5 mm- Hg pre^ure was collected, this 
probably corresponding to the dimer. The 
residue comprising hydrogen treated poly- 
mer was almosfe colourless while the separated 
dimer was pale yellow. 

The viscometric properties of the hydrogen 
treated dimer-free polymer were : — 



40 



45 



100 



Vk 

KVI 



206 
30.2 
138 



55 



The pour point of the dimer-free polymer 60 
was -35° C. compared with 20° P. before 
removal of dimer. 

The polymer was found to be much more 
stable to oxidation compared with polymers 
produced by similar procedure but which 
had not been treated with hydrogen. 

EXATVTPIiE IV. 

A Co urea-extract cracked- wax olefine was 
polymerised using triethyl alumioium and 
titanium tetrachloride in mole ratios of 
0.3 : 1 and 0.2 : 1 by the procedure of 
Example I. 

The polymers were treated with hydrogen 
at 190° C. and under pressure for 5 hours 
over Raney nickel and it was found that the 
pour points 21° F- and 29° P. respectively 
had risen by about 100° P. as compared with 
those before treatment with hydrogen. 

The viscometric properties were : — 



60 



65 



70 



CJomponent Mole ratio Al : Ti Vkmoo Vkaioo KVI 



(1) 
(2) 



0.3:1 
0 .2 : 1 



45.1 
48.7 



8.2 
9.7 



144 
>150 



75 



The polymer (1) produced using a 0.3 : 1 
mole component ratio was then distalled 
under reduced pressure to remove the dimer 
and it was found that the pour point de- 
creased from 21° F. to -74° F. The visco- 
metric properties were : — 



80 



Vkiooo (CS) 
Vkaioo p. (CS) 
KVI 



82.8 
12.2 
133 



After polymerisation the dimer was re- 
moved by fractional distillation under re- 
duced pressure and the dimer-free polymer 
then treated with hydrogen by the pro- 
cedure of Example IV. The pour point was 
-70° F. and the viscometric properties 
obtained were : — 

VkwoOF. (CS) 93.0 
Vkaioo (CS) 13.4 
KVI 133 



95 



100 



The polymers obtained were suitable as 
lubricating oils and showed good oxidation 
stability when a minor proportion of anti- 
85 oxidant was blended with them. 

Example V. 
A Co urea-extract cracked-wax olefine was 
polymerised by the procedure of Example IV 
using a catalyst component mole ratio 
90 (Al:Ti) of 0.3 :1. 



This polymer was found to be suitable as a 
lubricating oil and showed good oxidation 
stability when blended with a minor pro- 
portion of an antioxidant. 

Example VT. 105 
Blixtures of Cg /Co and /Cio urea-extract 
cracked-wax olefines were polymerised using 
catalyst component mole ratio, akuninium 



8 
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5 



10 



15 



20 



25 



30 



35 



40 



46 



50 



tariethyl : titaninm tetrachloride of 0.3 : 1 and 
0.15 : 1 respectively and treated "witii hydro- 
gen by the procedure of Example II using 
Raney nickel as catalyst- The dimer was 
removed by firactional distillation under 
rednced pressure. The polymers which were 
suitable as lubricating oik were found, to 
have the following viscometric properties ; — 



Monomer 



Cb/Cj 



c./c 



10 



KVI 

Pour point 



7.7 CS 
45.7 CS 

135 
- 86° F. 



7.7 CS 
44.2 CS 

139 
-65** F. 



The oxidation stability was tested by the 
procedure described in Example II usmg 
100 parts per million of copper powder, with 
1.45% by weight o£ added lO-benzyl pheno- 
thiazine and heating at 175° in aai atmo- 
sphere of oxygen. 

The results obtained were as follows : — 



Monomer Ca/C^ C»/C 



10 



teeo (hours) 

tioOD 5 J 



55 
82 



81 
116 



EXAMPXJE Vll. 

A Cg urea-extract cracked- wax ole£ne was 
polymerised using a cataJyst component mole 
ratio, aluminium triethyi : titanium tetra- 
chloride of 0.5 : 1 and treated wilii hydrogen 
using Baney nickel as catalyst as in Example 
VT. The dimer was removed by firactional 
distillation under rednced pressure. 

The polymer which was suitable as a 
lubricating oil was shown to have the fol- 
lowing viscometric properties : — 



Vkifloo 

KVI 



29.7 CS 
208 OS 
136 



The oxidation stability was tested by the 
same procedure as described in Example VI 
with added 10-benzylphenothiazine and the 
results obtained were as follows : — 



biooo 



46 hours 
67 hours 



55 



WHAT WE CLAIM IS :— 

1. A process for the production of hydro- 
carbon polymers in which an olefine having 
in the molecule at least six but not more 
than twenty-five carbon atoms is poly- 
merised in ihe presence of a catalyst com- 
prising components A and B (as hereinbefore 
defined) and the polymer is treated with 
hydrogen in the presence of a hydrogenation 
catalyst. 

2. A process according to Claim 1 in 
which the olefine is obtained &om the thermal 



or catalytic cracking of hydrocarbon feed- 
stock. 

3- A process according to Claim 1 in 
which the olefine is obtained fix)m the crack- 
ing of the raffinate of furfural extraction of 60 
heavy catalyticaJly cracked cycle oil. 

4. A process according to any one of the 
preceding daims, in which the olefine is a 
mixture of olefines having in the molecule at 
least six but not more than twenty-five 65 
carbon atoms. 

6. A process according to any one of the 
preceding claims, in which the olefine con- 
tains not more tiian eighteen carbon atoms 
in the molecule. 70 

6. A process according to any one of the 
preceding claims, in which the olefine com- 
prises a straight-chain alpha olefine or a 
mixture containing a large proportion of 
straight-chain alpha olefines. 75 

7. A process according to any one of 
Claims 1 to 5, in which the olefine is one of 

the general formula >C = CHg or a mix- 

ture containing a large proportion of such 
olefines wherein E. and Ri are similar or 80 
dissimilar alkyl groups and the catalyst 
component mole ratio (B : A) is between 
0.05 ; 1 and 0.9 : 1. 

8. A process according to any one of the 
preceding claims, in which the olefine or 85 
olefine mixture is purified by treatment with 
one of the catalyst components before poly- 
merisation. 

9. A process according to any one of 
Claims 1 to 7, in which the olefine or olefine 90 
mixture is purified by treatment with, sul- 
phuric acid before polymerisation. 

10. A process according to any one of 
daiins 1 to 6, in which the olefine or olefine 
mixture is purified by treatment with urea 95 
before polymerisation. 

11. A process according to Claim 10, in 
which the urea adduct formed on addition 
of urea to the olefine in the purification 
treatment is washed with a substantially 100 
water-immiscible solvent before decomposi- 
tion. 

12. A process according to any one of the 
preceding claims, in which the olefine is 
farther pxnrified by treatment with ailioa-gel 105 
before polymerisation. 

13- A process according to any one of the 
preceding claims, in which the mole ratio of 
Component A to olefine lies between 0.005 : 1 
and 0.1 : 1, 110 

14. A process according to any one of 
Claims 1 to 6 and 8 to 12, in which the 
catalyst component mole ratio (B : A) is at 
least 0.05 : 1 and not more than 20 : 1. 

15. A process according to Claim 14, in 115 
which the catalyst component mole ratio 

(B : A) is less than 1 : 1. 

16. A process according to Claim 14, in 



873,067 
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which the catalyst component mole ratio 
(B : A) is at least 1 : 1 and not more than 
3; 1. 

17. A process according to any one of the 
5 preceding claims, in which the purity of 

hydrogen is at least 96% by weight. 

18. A process according to any one of the 
preceding claims, in which the pressure of 
hydrogen is at least 10 atmospheres. 

10 19. A process according to any one of 
the preceding claims, in which the tem- 
perature at which the treatment with hydro- 
gen is carried out is above 50** C. 

20. A process according to any one of the 

15 preceding claims, in which the hydrogena- 
tion catalyst is Raney nickel. 

21- A process according to any one of 
the preceding claims, in which the dimer is 
removed. 

:20 22. A process according to Claim 21, in 
which the dimer is removed by firactional 
distillation under reduced pressure. 

23. A process according to either of 
Claims 21 and 22, in which low molecular 

-25 weight polymer other than dimer is also 
removed. 

24. A process according to any one of 
the prececfing claims, in which Component 
A comprises an inorganic compound of 

30 Groups 4a, 5a or 6a of the Periodic Table. 

25. A process according to Claim 24, in 
which Component A comprises a chloride, 
bromide or iodide of a metal of Groups 4a or 
5a of the Periodic Table. 

.35 26. A process according to Claim 25, in 
which the metal is titanium, zirconium or 
vanadium. 

27. A process according to any one of 
Claims 1 to 15 and 17 to 26, in which Com- 

40 ponent A is liquid at normal temperatures 
and pressures and the catalyst component 
mole ratio (B : A) is less than 1:1. 

28. A process according to any one of 
Claims 1 to 16, 17 to 27 in which the metal 

45 present in Component A is in its highest 
valen(rf state and the catalyst component- 
mole ratio (B : A) is less than 1 : 1. 

29. A process according to any one of 
Claims 24 to 28 in which Component A 

50 comprises titanium tetrachloride. 

30. A process according to any one of the 
preceding claims in which Component B 
comprises either (1) an aluminiimi tdalkyl ; 
or (2) an aluminium compound of the general 

^5 formula B^Rj^^ ^ which Bi and Bs 

similar or dL^itmlar and each represents a 
h3rdrogen atom or a hydrocarbon radical and 
X represents a hydrogen atom, a halogen 
atom, an alkoxy group or an aryloxy group 



or the residue of a secondary amine or amide, 60 
carboxyHc acid or sulphonic acid ; or (3) an 
aluminium compoimd of the general formula 
RAIX1X2 in which R. represents a hydrogen 
atom or a hydrocarbon radical and and 
X2 are similar or dissimilar and each repre- 65 
sents a halogen atom, an alkoxy group or an 
aryloxy group. 

31. A process according to Claim 30, in 
which the alkyl group has less than six 
carbon atoms. 70 

32. A process according to any one of 
the precedhig claims, in which Component B 
is aluminium triethyl. 

33. A process for the production of hydro- 
carbon polymers substantially as herein- 75 
before described with particular reference to 
the examples. 

34. A hydrocarbon polymer produced by 
a process using a catalyst component mole 
ratio (B : A) of at least 1 : 1 according to any 80 
one of Claims 1 to 6, 8 to 14, 16 to 26 and 
29 to 32. 

35. A hydrocarbon polymer produced by 
a process usiag a catalyst component mole 
ratio (B : A) of at least 1 : 1 as hereinbefore 85 
described with particular reference to 
Examples 1 and 2. 

36. A hydrocarbon polymer produced by 
a process using a catalyst component mole 
ratio {B : A) of less than 1 : 1 according to 90 
any one of Claims 1 to 16 and 17 to 32. 

37. A hydrocarbon polymer produced 
using a catalyst component mole ratio 
(B : A) of less than 1 : 1 as hereinbefore 
described Avith particular reference to 95 
Examples 3 to 7. 

38. A hydrocarbon poljnner according to 
either of Claims 34 and 35 containing a 
minor proportion of antioxidant, 

39. A hydrocarbon polymer according to lOO 
either of Claims 36 and 37 contaioing a minor 
proportion of antioxidant. 

40. A blend of a polymer according to 
any one of Claims 34, 35 and 38 with a 
mineral or synthetic lubricating oil. 105 

41. A blend of a polymer according to 
any one of Claims 36, 37 and 39 witii a 
mineral or synthetic lubricating oil. 

42. A blend of a polymer according to 
any one of Claims 34, 35 and 38 with a 110 
polymer according to any one of Claims 
36, 37 and 39. 
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